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IKTRODDCTION 


1 . 1  BACKGROUND 

This  report  is  the  prefinal  report  of  an  Energy  Engineering  Analysis 
Program  (EEAP)  study  of  boilers  and  chillers  at  Redstone  Arsenal,  Huntsville, 
Alabama.  Work  was  begun  January,  1986  on  the  project  by  BENATECH,  INC.  under 
Contract  No.  DACA01-85-C-0131,  Parts  I  and  II,  with  the  Mobile  District,  U.S. 
Army  Corps  of  Engineers,  Mobile,  Alabama.  The  following  activities  have  been 
accomplished : 

-  A  detailed  field  Investigation  has  been  conducted. 

“  ECO  calculations  have  been  performed  and  ECIP  analyses  have  been 
accomplished. 

-  Interim  Report  has  been  submitted. 

-  Lovi  Cost/No  Cost  project  documentation  packages  have  been  compiled. 

-  Prefinal  Report  is  complete  and  sutanitted  for  review. 

1 . 2  SCOPE 

The  Scope  of  V?ork  specified  in  contract  no.  DACA01-85-C-0131,  Parts  I  and 
II  (and  included  in  this  report  in  Appendix  A)  requires  the  performance  of  a 
specific  energy  study.  The  Energy  Conservation  Opportunities  analyzed  under 
this  study  will  serve  as  part  of  Redstone  Arsenal's  overall  effort  to  reduce 
basewide  energy  use  in  accordance  with  the  objectives  set  forth  in  the  Army 
Energy  Plan.  The  contract  Scope  of  Work  (SOW)  for  Redstone  Arsenal  outlines  the 
following  specific  requirements: 

-  Determine  the  efficiency  of  the  boiler /chiller  plants  by  appropriate 
te  st  s. 

“  Survey  the  boiler /chiller  plants  to  determine  if  efficiency  can  be 
improved  by  the  repair,  addition,  or  modification  of  equipment  and 
recommend  improvements. 

-  Evaluate  the  control  system  and  recommend  changes,  repairs,  or  new 
controls  which  will  improve  the  efficiency  of  the  plant. 

-  Review  operation  and  maintenance  procedures  and  provide  site-specific 
recommendations  which  will  increase  the  efficiency  of  the  plants  to  the 
maximum  level. 

-  Prepare  a  comprehensive  report  to  docvunent  the  work  performed,  the 
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results,  and  recommendations. 

All  of  these  Scope  of  Work  items  have  been  accomplished. 

2.  EHEHGT  CONSERVATION  OPPORTONITIES  (EOOs) 

2.1  TECHNICAL  APPROACH 


The  Scope  of  Work  contains  a  list  of  specific  ECOs  to  be  studied  for 
Redstone  Arsenal  Boilers  and  Chillers.  These  ECOs  were  investigated  after 
completing  our  field  survey  visits  and  compiling  the  raw  data  from  the  visits. 
The  steps  in  collecting  the  field  data  are: 

-  Obtain  nameplate  data  and  methods  of  operation  for  the  boilers  and 
chillers. 

-  Inspect  types  and  conditions  of  control  systems. 

“  Take  field  measurements  on  boilers  and  chillers. 

Using  the  field  data,  the  various  ECOs  were  analyzed  for  their  feasibility 
of  being  enacted  under  Amy  guidelines. 

2.2  ECOs  ANALYSES 

2.2.1  BOILERS 

Boiler  Feedv/ater  Economizer. 

This  ECO  investigates  the  energy  savings  achievable  by  preheating  the 
boiler  feedwater  with  recovered  waste  heat  from  the  flue  gas.  Borosilicate 
heat  exchangers  are  used  so  that  potential  corrosion  problems  are  reduced 
in  the  temperature  range  between  100  F  -  150  F.  Feedvjater  economizers 
already  exist  in  Building  362^1,  although  these  devices  were  inoperable  when 
the  boilers  were  surveyed. 

Burner  Replacement. 

This  ECO  analyzes  the  energy  savings  achievable  by  replacing  existing 
burners  with  modulating,  cam-type  burners.  These  burners  modulate  the  air- 
to-fuel  ratio  as  a  function  of  boiler  load.  This  modulation  results  in  a 
combustion  efficiency  of  approximately  80?  over  the  operating  range  of  the 
boiler.  This  ECO  is  not  applicable  to  boilers  in  Buildings  3624  and  4725 
which  already  employ  modulating  burners. 
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In  the  temperature  range  between  100  F  -  150  F.  Feedwater  economizers 
already  exist  in  Building  362^1,  although  these  devices  were  Inoperable  when 
the  boilers  were  surveyed. 

Boiler  Tune-Up. 

This  ECO  evaluates  the  potential  for  energy  savings  by  performing  semi¬ 
annual  boiler  tune-ups.  The  boilers  should  be  tuned  for  minimum  excess  air 
at  their  respective  average  operating  loads.  A  well-tuned  boiler  operates 
at  its  peak  combustion  efficiency  at  the  load  for  which  it  is  tuned. 

Preheat  Combustion  Air. 

The  purpose  of  this  ECO  is  to  use  waste  heat  recovered  from  the  flue  gas  in 
order  to  preheat  combustion  air.  Boiler  efficiency  can  be  improved  by 
implementing  this  technique.  For  this  ECO,  improved  combustion 
efficiencies  are  calculated  using  the  higher  preheated  inlet  air 
temperature;  however,  all  other  test  conditions  remain  the  same  as  the 
existing  test  conditions.  Preheaters  already  exist  in  Building  4725. 
Borosillcate  heat  exchangers  are  used  so  that  corrosion  problems  are 
reduced  in  the  temperature  range  between  100  F  -  150  F. 

"Summer**  Boiler. 

This  ECO  analyzes  the  potential  of  installing  a  boiler  to  handle  the  steam 
production  requirements  during  the  "summer"  months.  The  boiler  fuel 
consumption  and  operating  logs  were  examined  to  Isolate  the  steam  capacity 
requirements  for  each  month.  It  was  determined  that  during  the  period  of 
May  16  -  October  15,  the  boiler  demands  were  at  their  minimum  levels.  The 
"summer"  boilers  were  then  sized  to  meet  these  average  sunimer  loads.  The 
energy  savings  are  realized  in  the  Increased  efficiency  of  the  new  boilers 
(approximately  80?)  as  compared  with  the  underloaded  (in  summer  operation) 
existing  boilers. 

Variable-Speed  Motor  Drives. 

This  ECO  analyzes  the  potential  for  savings  by  Installing  inverters  on 
combustion  air  fan  motors.  Inverters  save  energy  by  controlling  the  fan 
power  in  response  to  actual  air  flow  requirements. 
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Boiler  Replacement. 

This  ECO  evaluates  the  savings  to  be  achieved  by  replacing  the  existing 
boiler  with  a  new,  805^  efficient  boiler  of  the  same  size. 

Downsize  Boilers. 

This  ECO  analyzes  the  energy  savings  that  covild  be  achieved  by  installing 
smaller  boilers  designed  to  meet  the  average  operating  load  of  the  boiler 
plant.  This  ECO  is  applicable  to  boiler  plants  which  are  operating  in 
underloaded  conditions.  The  savings  to  be  realized  result  from  the 
increased  efficiencies  (approximately  80?)  of  the  new  boilers  as  compared 
with  the  existing  underloaded  boilers. 

Installation  of  Turbulators. 

This  ECO  analyzes  the  energy  savings  achievable  by  installing  turbulators 
in  fire-tube  boilers.  Turbulators  are  baffles  which  create  turbulent  flow 
in  the  core  of  hot  combustion  gases.  This  turbulent  flow  maximizes  heat 
transfer  from  combustion  gases  through  the  tube  walls  to  the  boiler  water. 
Thus,  more  heat  is  used  in  the  generation  of  steam  and  less  is  lost  out  the 
exhaust  stack.  Fuel  savings  of  1?  can  be  achieved  by  installing 
turbulators  in  fire-tube  boilers.  This  ECO  is  not  applicable  to  water-tube 
boilers.  The  use  of  Fuel  Efficiency,  Inc.  information  does  not  constitute 
an  endorsement  of  their  product,  but  merely  an  actual  representation  of 
achievable  performance  levels. 

Oxyggn  Trim  System. 

The  purpose  of  an  oxygen  trim  system  is  to  control  the  air/fuel  ratio  of  a 
boiler  within  the  most  efficient  operating  parameters.  This  is  achieved  by 
using  an  oxygen  analyzer  in  the  flue  stack  in  conjunction  with  a 
microprocessor  controller.  The  oxygen  analyzer  measvires  the  oxygen  content 
in  the  flue  gas,  and  a  potentiometer  monitors  the  fuel  flow  rate.  The 
microprocessor  controls  adjust  the  air  flow  damper  in  order  to  get  the  most 
efficient  combustion  process.  The  use  of  V/estinghouse  "Veritrim"  oxygen 
analyzer  and  control  Information  does  not  constitute  an  endorsement  of 
their  product,  but  merely  an  actual  representation  of  achievable 
performance  levels. 

Steel  Feedwater  Economizer. 

This  ECO  investigates  the  energy  savings  achievable  by  preheating  the 
boiler  feedwater  with  recovered  waste  heat  from  the  flue  gas.  Alloy  steel 
heat  exchangers  are  used  so  that  potential  corrosion  problems  are  reduced 
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2.2.2  CHILLERS 

Automatic  Chiller  Tube  Cleaninp:. 


This  ECO  establishes  representative  savings  which  result  from  the 
installation  of  an  on-line  condenser  tube  cleaning  system.  This  system 
uses  slightly  oversized  brushes  fitted  into  each  condenser  tube  to  remove 
rust  and  deposits.  The  brushing  action  is  initiated  by  a  diverter  valve, 
which  changes  the  direction  of  water  flow,  pushing  the  brushes  to  either 
end  of  the  condenser.  Flow  through  the  condenser  automatically  changes. 
Savings  result  from  improved  heat  transfer  from  the  condenser  water  through 
the  condenser  tube  wall.  The  savings  were  calculated  using  manufacturers’ 
data.  The  use  of  Water  Services  of  America  and  ATB  information  does  not 
constitute  an  endorsement  of  their  product,  but  merely  an  actual 
representation  of  achievable  performance  levels. 

Condenser  Tube  Cleaning. 

This  ECO  analyzes  the  potential  for  savings  by  manually  cleaning  condenser 
tubes.  This  operation  reduces  the  tube  fouling  factor  to  its  minimum 
achievable  value.  Reduced  fouling  factor  results  in  increased  heat 
transfer  capabilities  of  the  system,  and  consequently  less  energy  is 
required  to  achieve  the  same  cooling  capacity. 

Chiller  Shutdown. 

This  ECO  analyzes  the  energy  savings  achievable  when  equipment  is  operated 
only  when  it  is  needed  to  provide  comfort  conditioning.  The  savings  are 
calculated  for  chillers  (partially  loaded),  chilled  water  and  condenser 
water  pumps,  and  the  cooling  tower.  No  credit  is  taken  for  reheating  or 
air  handling  savings  which  will  also  result.  The  methodology  used  to 
calculate  the  savings  is  shown  in  "Standardized  EMCS  Energy  Savings 
Calculations",  CR  82.030,  September  1982. 

Chilled  Water  Temperature  Reset. 

This  ECO  analyzes  the  energy  savings  resulting  from  resetting  the  chilled 
water  supply  temperature  upward,  without  appreciably  affecting  comfort 
conditions.  Savings  result  from  decreasing  the  demand  on  the  chiller 
compressor,  and  therefore,  the  amount  of  energy  input  to  the  chiller.  The 
methodology  used  to  calculate  the  savings  is  shovjn  in  the  "Standardized 
EMCS  Energy  Savings  Calculations",  CR  82.030,  September  1982. 
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Water  Treatment /Fill  Replacement 

This  ECO  analyzes  the  energy  savings  resulting  from  maximizing  cooling 
tower  performance.  Water  treatment  and  replacement  of  cooling  tower  fill 
are  offered  as  one  composite  ECO,  because  one  recommendation  will  improve 
and  maintain  the  savings  of  the  other.  Considered  separately,  neither  will 
offer  long  term  savings.  Replacing  deteriorated  cooling  tower  fill  PVC 
polymer  will  ensure  that  the  condenser  water  will  flow  through  the  cooling 
tower  and  achieve  even  distribution  and  maximum  heat  transfer  with  the  air. 
Introduction  of  water  treatment  will  maintain  the  desirable  effects  of  the 
new  fill,  but  will  offer  no  improvement  with  the  existing  cooling  tov;er 
fill.  The  reduction  in  condenser  water  supply  temperature  will  result  in 
reduced  compressor  load.  The  methodology  used  is  similar  to  Chilled  Water 
Temperature  Reset.  ECO’s  are  presented  for  the  buildings  with  the  highest 
SIRS.  The  methodology  used  to  calculate  the  savings  is  shown  in  the 
"Standardized  EMCS  Energy  Savings  Calculations",  CR82.030,  September  1982. 

VJaterside  Economizer 

This  ECO  evaluates  the  feasibility  of  installing  a  plate  heat  exchanger, 
new  valves  and  controls  to  enable  the  chiller  to  be  shutdown  during  periods 
of  the  year  when  the  wet  bulb  temperatures  will  provide  sufficient 
evaporative  cooling  effect.  Building  load  fluctuates  with  internal  and 
external  loads.  During  the  fall,  winter,  and  spring,  the  external  cooling 
loads  on  a  building  are  at  a  minimum.  During  these  seasons,  the  wet  bulb 
temperatures  are  low  enough  to  maintain  evaporation  in  sufficient  quantity 
to  provide  condenser  water  cold  enough  to  meet  the  internal  loads  of  the 
building.  The  analysis  utilizes  cooling  tofrjer  performance  data  used  to 
determine  the  expected  cooling  tower  water  temperatures  for  a  given  wet 
bulb  temperature.  It  was  recommended  by  plate  heat  exchanger  sales 
representative  (for  analysis  purposes)  to  use  a  heat  exchanger  with  a  four 
degree  approach  temperature  because  it  is  less  expensive.  It  was  assumed 
that  the  building  loads  could  be  adequately  met  with  chilled  water  supply 
temperatures  between  48  and  44  degrees  F.  In  addition,  the  cooling  tower 
is  assumed  to  cycle  half  the  time  for  all  those  hours  when  the  cooling 
tower  is  less  than  40  degrees  F.  The  cooling  tovjer  will  cycle  off  and  on 
to  prevent  the  cooling  tower  from  freezing.  This  bln  hour  calculation 
determines  the  electrical  savings  resulting  from  shutting  down  the  chiller 
(partially  loaded)  and  the  cooling  tower  when  it  is  possible  to  do  so.  The 
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methodology  used  to  calculate  the  savings  is  shown  in  "Standardized  EMCS 
Energy  Savings  Calculations",  CR  82.030,  September  1982.  The  use  of  Marley 
and  Mueller  manufacturer's  data  does  not  constitute  an  endorsement  of  their 
product  but  merely  an  actual  representation  of  achievable  performance 
levels. 

Variable  Speed  Pumping 

This  ECO  analyzes  the  energy  savings  potential  of  installing  variable  speed 
pumping  (accomplished  with  the  installation  of  a  variable  frequency  drive) 
in  place  of  the  existing  constant  speed  pumping.  Included  with  the 
installation  of  a  variable  speed  drive  is  the  replacement  of  all  three-v/ay 
valves  with  two-way  valves  and  a  differential  pressure  control  system. 
Electrical  energy  is  saved  when  the  amount  of  energy  devoted  to  pumping 
chilled  water  is  varied  as  the  cooling  load  on  the  building.  It  was 
assumed  that  the  pump  speed  is  proportional  to  the  building  load.  The 
povjer  required  to  operate  the  pump  varies  as  the  cube  of  the  speed. 

Savings  are  determined  by  calculating  the  energy  required  for  constant 
speed  pumping  and  subtracting  the  energy  necessary  to  operate  the  variable 
speed  pump.  The  methodology  used  to  calculate  the  savings  is  shown  in 
ASHRAE  Equipment  1983. 

Two  Sneed  Cooling  Tower  Fans 

This  ECO  examines  the  energy  savings  resulting  from  replacing  the  constant 
speed  cooling  tower  fan  motor  with  a  two  speed  motor.  Savings  result  from 
the  fan  lav;  which  states  that  the  power  required  to  operate  a  fan  varies  as 
the  cube  of  the  fan  speed.  The  methodology  used  to  calculate  the  savings 
is  shown  in  "Heating,  Ventilating  and  Air  Conditioning",  Parker  and 
McQui stone,  1982. 
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3.  RESULTS,  CONCLUSIONS  IND  REOOHMBNDATIONS 


3. 1  RESULTS 

A  complete  listing  of  all  Boiler  ECO*s  and  OMR's  is  provided  in  Table  ES  1. 
This  is  sorted  by  SIR.  A  similar  list  for  all  Chiller  ECOs  and  OMRs  is  shown  in 
Table  ES  2,  sorted  according  to  SIR. 

All  ECOs  with  SIRS  greater  than  1.0  were  considered  for  project  packaging. 

3.2  COWaUSIOHS 


Candidate  ECOs  for  project  packaging  are  show  in  Table  ES  3  and  ES  4. 

Both  tables  are  sorted  by  Boiler/Chiller  number  and  descending  SIR  for  each 
boiler  or  chiller.  BENATECH  combined  ECOs  into  projects  to  be  implemented  on  a 
per  boiler/chiller  basis.  This  strategy  allows  for  projects  with  low 
construction  costs  to  be  funded  on  a  local  level. 

For  a  given  boiler  of  chiller,  some  of  the  recamnended  ECOs  were  mutually 
exclusive.  An  example  of  two  mutually  exclusive  ECOs  are  "Preheat  Combustion 
Air"  and  "Steel  Feedwater  Economizer".  Both  of  these  ECOs  function  to  recover 
waste  heat  from  boiler  exhaust  gases.  In  a  case  where  two  ECOs  Indpendently 
have  SIRS  greater  than  1.0,  but  are  mutually  exclusive,  BENATECH  used  good 
engineering  judgement  to  select  the  ECO  yielding  maximum  energy  savings. 

Project  synergy  calculations  between  candidate  boiler  ECOs  begins  with  the 
average  boiler  load  (KBTU).  Each  "Step"  is  explained  below: 

Step  1.  Calcialations  start  with  the  determiniation  of  the  Annual  Savings. 

Annual  savings  are  calculated  in  one  of  three  ways: 

a. )  For  ECOs  where  a  nominal  percentage  reduction  of  energy 
consxmiption  is  known,  the  annual  savings  are  calculated  as  shown 
below : 

(.%  reduction) (average  boiler  load)  =  Annual  Savings  (MBTU/yr. ) 
Applicable  ECOs:  Turbulators 
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b. )  In  the  cases  where  the  expected  boiler  efficiency  is  used  to 
calculate  the  annual  savings  as  shown  below: 

(average  boiler  load)[  1  -  (average  boiler  eff. /expected  boiler  eff. )] 

=  Annual  Savings  (MBTU/yr. ) 

Applicable  ECOs:  Burner  Replacement 

c. )  In  the  case  of  reccxomendation  swher  the  consumption  reduction  is 
calculated  in  the  ECO,  the  annual  savings  equals  the  expected 
consumption  reduction. 

Applicable  ECOs:  Summer  Boiler,  Boiler  Tiane-up 

Second,  the  Annual  Fuel  Consumption  is  calculated  by  subtracting  the 
annual  savings  from  the  average  boiler  load. 

Third,  the  Boiler  Efficiency  is  recalculated  using  the  following  formula: 

(average  boiler  efficiency )/[1-(annual  savings/average  boiler  load)] 

Step  2,  Step  3.  The  calculations  for  these  steps  are  performed  iteratively 
based  on  the  niaaber  of  analytical  Steps  in  the  project. 

Per  guidance  received  in  the  Prefinal  Review  I-feetlng,  several  ECOs 
identified  by  BENATECH  had  alredady  been  implemented,  are  currently  in  progress, 
or  already  have  programming  documentation  in  place.  Given  this  information, 
BENATECH  prepared  low  cost/no  cost  project  documentation  for  all  remaining 
recommended  ECOs. 
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TABLE  ES  1  -  BOnLH?  EODs  EVALUATED  SORTED  BY  SIR 


IBIUs  Saved  Simple 

Boiler  Life  Elec.  Nat.  Gas  il2  Oil  Annual  Cost  I^back 

ECO  Na  (YRS)  ICTUs  IBTUs  IBlUs  Savings  Estimate  SIR  (Years) 


Balia' Twne^p  OMi 

M725  -3 

15 

57931 

$251,998 

$2,705  1341.68 

0 

Bcdlo’  Tune-Up  OMR 

36211  -H 

10 

34338 

$149,372 

^,705 

518.52 

0 

Balia*  Tuie-Dp  OM? 

4725  -2 

15 

21293 

$92,626 

$2,705 

495.49 

0 

Boilo?  Tune-Up  OMR 

3624  -3 

10 

8699 

$37,407 

$2,705 

124.60 

0 

Boiler  Tii»-Up  Olfi 

4725  -1 

15 

1945 

$8,460 

$2,705 

36.27 

0 

Boiler  Tune-Up  OMR 

3624  -1 

10 

2449 

$10,655 

^,705 

30.48 

0 

Bano*  Tme-Up  OM? 

8977  -1 

10 

1965 

$8,548 

$2,705 

23.08 

0 

Boiler  Tune-Up  OMR 

115  -2 

25 

903 

$3,927 

$2,705 

21.18 

1 

Boiler  Ttne-Up  OMJ 

8028  -2 

25 

529 

$3,125 

$2,705 

19.21 

1 

Turtxilatcr  Installation 

8028  -2 

25 

98 

^9 

$861 

12.43 

1 

Tvrbulatcr  Installation 

115  -2 

25 

120 

$1,295 

9.10 

3 

Bvmer  IteEiac®ent 

115  -2 

25 

977 

$4,248 

$11,622 

8.26 

3 

Tirbulatcr  Installation 

7579  -1 

10 

156 

$679 

$861 

7.50 

1 

Boiler  Tune-Up  OMR 

7105  -4 

10 

925 

$4,025 

1^,705 

7.16 

1 

Tirbulatcr  Installation 

8874  -1 

15 

49 

$290 

$518 

6.82 

2 

Tirbulatcr  Installation 

7153  *1 

5 

82 

$357 

$287 

5.64 

1 

Ojygpn  Trim  i^steci 

8028  -2 

25 

853 

!^,041 

$16,420 

5.49 

3 

Boiler  Tune-Up  OMR 

3624  -2 

10 

748 

$3,254 

$2,705 

4.45 

1 

Tirbulatcr  Installation 

7105  -3 

25 

69 

$300 

$1,723 

3.93 

6 

Tirbulatcr  Installation 

8874  -2 

15 

28 

$165 

1^18 

3.90 

3 

Birner  Replaceiaent 

7579  -1 

10 

858 

$3,734 

$10,319 

3.44 

3 

Downsize  Boiler 

115  -2 

25 

1,488 

$6,475 

$45,285 

3.23 

7 

Bixtbt  Replacemert 

8977  -1 

10 

749 

$3,257 

$10,319 

3.00 

3 

Birner  Heplacanent 

7105  -3 

25 

413 

$1,795 

$13,575 

2.99 

8 

Bimer  Refiaoemett 

8874  -1 

15 

319 

$1,882 

$9,017 

2.55 

5 

Tirbulatcr  Hist^lation 

8977  -1 

10 

52 

$226 

^1 

2.50 

4 

^11^  SuiEier  Boilers 

115  -2 

25 

559 

$2,430 

$25,478 

2.16 

11 

TirbiiLatcr  Installation 

7105  -4 

10 

86 

$374 

$1,723 

2.07 

5 

Downsize  Bailer 

7105  -3 

25 

774 

$3,368 

$40,907 

1.86 

12 

Tirbulatcr  Distallation 

8977  -2 

10 

38 

$165 

!^1 

1.83 

5 

Boiler  Replaoanent 

115  -2 

25 

977 

$4,248 

$65,905 

1.72 

13 

Birner  Eeplacaaent 

8874  -2 

15 

200 

$1,182 

$9,017 

1.60 

8 

Tirbulatcr  Installation 

7579  -2 

10 

33 

$144 

i^6l 

1.59 

6 

Bimer  Repiacanent 

7770  -2 

10 

345 

$1,499 

$10,319 

1.38 

7 

Bimer  Repiaoecjent 

7770  -1 

10 

344 

$1,497 

$10,319 

1.38 

7 

Ojy^n  Trim  System 

115  -2 

25 

238 

$1,037 

$16,420 

1.24 

16 

Burner  Eeplaoement 

8977  -2 

10 

303 

$1,317 

$10,319 

1.22 

8 

irdieat  Conbustion  Air 

115  -2 

25 

580 

^,523 

$46,257 

1.16 

18 

Steel  EteeA/ater  Eoonccdzer 

115  -2 

25 

306 

$1,331 

$23,496 

1.15 

18 

Burner  Replacanent 

7579  -2 

10 

283 

$1,232 

$10,319 

1.14 

8 

Steel  Fteed/ater  Eoonaalzer 

7579  -1 

10 

607 

$2,640 

$20,862 

1.12 

6 

Downsize  Boiler 

7105  -4 

10 

1102 

$4,792 

$40,907 

1.12 

9 

Tirbulatcr  Installaticn 

8028  -1 

10 

39 

$230 

$1,723 

1.12 

7 

Tirbulatcr  Installation 

7770  -2 

10 

44 

$191 

$1,723 

1.06 

9 

Tirbulatcr  Installation 

7770  -1 

10 

44 

$191 

$1,723 

1.06 

9 

Boiler  Tune-Up  OMR 

7153  -1 

5 

705 

$3,067 

!^,705 

1.05 

1 

SunDO'  Bailers 

7291  -1 

15 

257 

$1,118 

$16,100 

1.01 

14 

Bimer  Eeplacaaent 

7105  -4 

10 

732 

$3,184 

$30,026 

1.01 

9 

ft'dieat  Ctnbustion  Air 

80^  -2 

25 

522 

$3,085 

^3,996 

1.00 

18 

Downsize  Boiler 

7770  -1 

10 

517 

!^,251 

$22,041 

0.97 

10 

Dc*r7nsize  Bailer 

7770  -2 

10 

517 

$2,251 

^,041 

0.97 

10 

Burner  Replacement 

8028  -1 

10 

192 

$1,134 

$10,319 

0.92 

9 
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TffiLE  ES  1  -  BOILER  EOOs  EVALUATED  SORIED  BY  SIR 


ECD 

Boiler 

No. 

Life 

(YRS) 

Elec. 

ICTtJs 

IBIUs  Saved 

Nat.  Gas  #2  Oil 
lETOs  FETOs 

Annual 

Savings 

Cost 

Estimate 

SIR 

III 

Steel  FbedJater  Eooncndzep 

7105  -3 

25 

254 

$1,105 

$24,773 

0.88 

22 

Sunaer  Bcdlers 

7855  -1 

15 

347 

$1,512 

©5,478 

0.86 

17 

Osy^n  Trdffi  ^stan 

7105  -3 

25 

172 

$748 

$16,420 

0.84 

22 

Boiler  Psediater  Eoononizer 

7579  -1 

10 

1054 

$4,585 

©1,720 

0.81 

11 

Tirbulatcr  Histallatlon 

7105  -2 

5 

34 

$148 

$862 

0.78 

6 

Tirbulatcr  Histallatlon 

7105  -1 

5 

34 

$148 

$862 

0.78 

6 

Bcdler  Replacecient 

7579  -1 

10 

858 

$3,734 

$45,285 

0.78 

12 

Boiler  Fteedrater  Econcndzer 

115  -2 

25 

472 

!^,053 

©8,185 

0.74 

28 

Boiler  Tire-Up 

7105  -1 

5 

660 

$2,872 

©,705 

0.73 

1 

Steel  FteedJater  Econcmizer 

8028  -2 

25 

168 

^3 

©0,862 

0.73 

21 

Siaiaer  Boilers 

7579  -1 

10 

441 

$1,917 

$25,478 

0.72 

13 

Erdieat  Ccmbustion  Air 

7579  -1 

10 

724 

$3,149 

$41,117 

0.68 

13 

Birner  Refiaoenent 

7153  -1 

5 

346 

$1,506 

$10,319 

0.66 

7 

Boiler  Fteedoter  Eooncmizer 

7105  -3 

25 

440 

$1,914 

©1,418 

0.65 

32 

Ojyaen  Trim  System 

7579  -1 

10 

295 

$1,285 

$16,420 

0.63 

13 

Sumner  Bcdlor’s 

8874  -1 

15 

140 

$827 

$16,100 

0.63 

20 

Onyaen  Trim  System 

8874  -1 

15 

174 

$1,028 

$16,420 

0.62 

16 

ETdieat  Contustion  Air 

7105  -3 

25 

337 

$1,466 

$48,827 

0.61 

33 

Burner  RepLaoement 

7105  -1 

5 

314 

$1,365 

$10,319 

0.60 

8 

Birner  RepLacanent 

7105  -2 

5 

314 

$1,365 

$10,319 

0.60 

8 

Variable-Speed  Fbns 

4725  -4 

15 

1518 

!^,644 

©6,064 

0.59 

15 

Dcwnsize  Boiler 

7105  -2 

5 

1177 

«,122 

$40,907 

0.57 

8 

Downsize  Boiler 

7105  -1 

5 

1177 

^,122 

$40,907 

0.57 

8 

Boiler  Ffeedrater  Eooncmizer 

8028  -2 

25 

365 

$2,157 

©7,883 

0.54 

31 

Susraa'  Baila:’s 

7770  -1 

10 

238 

$1,033 

$19,226 

0.51 

19 

Steel  Ffeedrater  Eoonanizer 

7105  -4 

10 

373 

$1,623 

$27,381 

0.50 

17 

Et^eat  ccmbustion  Air 

8874  -1 

15 

265 

$1,566 

$35,978 

0.46 

23 

Boiler  RepLacanent 

8874  -2 

15 

200 

$1,182 

$32,361 

0.45 

27 

035'’^n  Trim  System 

7105  -4 

10 

221 

1^63 

$16,420 

0.44 

17 

Boiler  FteedWater  Eooncmizer 

8874  -1 

15 

311 

$1,838 

$45,255 

0.44 

25 

Ste^  Fteedfater  Eooncmizer 

8874  -1 

15 

137 

$810 

$18,254 

0.41 

23 

Variable-Speed  Fbns 

4725  -3 

15 

1032 

$3,837 

©6,064 

0.40 

22 

Variable-Speed  Fbns 

3624  -4 

10 

535 

$1,989 

$34,725 

0.40 

17 

Boiler  Repiacaaent 

7105  -4 

10 

732 

$3,184 

$77,646 

0.39 

24 

Boiler  Fteecd/ater  Eooncmizer 

7105  -4 

10 

645 

$2,806 

©7,883 

0.37 

24 

Dcwnsize  Boiler 

7153  -1 

5 

592 

$2,574 

$32,361 

0.36 

13 

Variable-Speed  Fbns 

3624  -2 

10 

470 

$1,747 

$34,725 

0.35 

20 

Variable-Speed  Fbns 

4725  -2 

15 

860 

$3,197 

©6,064 

0.33 

27 

Steel  Fteedrater  Eooncmizer 

8977  -1 

10 

212 

©22 

$20,862 

0.33 

23 

Sumner  Boilers 

7153  -1 

5 

346 

$1,506 

$22,353 

0.31 

15 

Bdler  Replaoement 

7770  -1 

10 

344 

$1,497 

$45,285 

0.31 

30 

Bcdler  Replacanent 

7770  -2 

10 

344 

$1,497 

$45,285 

0.31 

30 

R^eat  ccmbustion  Air 

7105  -4 

10 

431 

$1,875 

©3,966 

0.30 

29 

Ory^n  Trim  System 

8874  -2 

15 

100 

©92 

$16,420 

0.29 

28 

Bcdler  Ffeedrater  Eooncmizer 

8977  -1 

10 

367 

$1,596 

©1,720 

0.26 

32 

Boiler  Repiaoenent 

7579  -2 

10 

283 

$1,232 

©5,285 

0.26 

37 

Variable-Speed  Fbns 

3624  -1 

10 

338 

$1,256 

$34,725 

0.25 

28 

Preheat  Ccmbustion  Air 

8874  -2 

15 

152 

$898 

$35,978 

0.24 

40 

Ory^n  Trim  System 

8028  -1 

10 

115 

$682 

$16,420 

0.23 

24 

R^eat  Canbustion  Air 

8977  -1 

10 

267 

$1,161 

©1,117 

0.22 

35 

Variable-Speed  Fbns 

3624  -3 

10 

299 

$1,112 

$34,725 

0.22 

31 

Pr^eat  Ccmbustion  Air 

8028  -1 

10 

216 

$1,277 

©1,117 

0.21 

32 
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^BTOs  Saved  Siinfie 


Bcdler 

Life 

Elec. 

Nat.  Gas  5!f2  Oil 

Annual 

Cost 

Iteiyback 

EOD 

No. 

(YRS) 

FeiUs 

FBIUs 

FKUs 

Savings 

Estimate 

SIR 

(Years) 

Bcdler  Fteedfater  Eooranizer 

887^  -2 

15 

168 

$993 

$45,255 

0.21 

46 

Bcdler  Replacasent 

8028  -1 

10 

192 

$1,134 

$45,285 

0.21 

40 

Qjygpn  Trim  ^staa 

8977  -1 

10 

125 

i^2 

$16,420 

0.20 

30 

Boiler  Replaconent 

8977  -1 

10 

749 

JB,257 

$170,520 

0.18 

52 

Steel  Fteedwater  Eooncciizer 

7153  -1 

5 

194 

$844 

$15,646 

0.18 

19 

Steel  Fteedrater  Eocmnizer 

7579  -2 

10 

133 

$679 

$20,862 

0.17 

36 

Downsize  Bailer 

8977  “1 

10 

640 

1^,786 

$164,058 

0.16 

59 

Ste^  Fteedwater  Eoononizer 

8874  -2 

15 

74 

$437 

$18,254 

0.16 

42 

Bcdler  Repiacmat 

7153  -1 

5 

346 

$1,506 

$45,285 

0.15 

30 

Boiler  Fteedjater  Econanizer 

7579  -2 

10 

230 

$1,001 

$61,720 

0.15 

52 

Bailer  Repiaoenient 

7105  -1 

5 

314 

$1,365 

$45,285 

0.14 

33 

R:*dieat  Cantiustic»i  Mr 

8977  -2 

10 

180 

$783 

$41,117 

0.14 

53 

Bailer  Repiaoeinent 

71(5  -2 

5 

314 

$1,365 

$45,285 

0.14 

33 

Trim  i^stem 

7770  -2 

10 

99 

$429 

$16,420 

0.14 

38 

Oxygen  Trim  System 

7770  -1 

10 

99 

$429 

$16,420 

0.14 

38 

Erdieat  Canbustion  Air 

7153  -1 

5 

325 

$1,414 

$41,117 

0.13 

29 

Ojygpn  Trim  System 

7579  -2 

10 

93 

$406 

$16,420 

0.12 

40 

Ojy^n  Trim  System 

7153  -1 

5 

155 

$676 

$16,420 

0.12 

24 

Bailer  Fteedrater  Eooncmizer 

8028  -1 

10 

158 

$934 

^1,720 

0.11 

55 

Boila*  Fteedleter  Eooncmizer 

7153  -1 

5 

341 

$1,483 

!^1,720 

0.11 

35 

R^eat  Ctmbustion  Air 

7770  -1 

10 

179 

$779 

$51,396 

0.11 

66 

Frdieat  Ccmbustion  Air 

7770  -2 

10 

179 

$779 

!^1,396 

0.11 

66 

ft^eat  Ccmbustion  Air 

7579  -2 

10 

145 

$631 

$41,117 

0.10 

65 

O^ygten  Trim  System 

8977  -2 

10 

83 

$363 

$16,420 

0.10 

45 

Downsize  Bailer 

8977  -2 

10 

361 

$1,569 

$164,058 

0.09 

105 

Steel  Fteedrater  Eooncndzer 

8028  -1 

10 

82 

$485 

$27,381 

0.08 

57 

Steel  Fteedrater  Eooncmizer 

7770  -2 

10 

90 

$392 

$26,077 

0.07 

67 

Boiler  Fteedrater  Eooncmizer 

7770  -2 

10 

158 

$687 

^,650 

0.07 

94 

Steel  Fteedrater  Eooranizer 

7TI0  -1 

10 

90 

$392 

$26,077 

0.07 

67 

Boiler  Repiaoanent 

8977  -2 

10 

303 

$1,317 

$170,520 

0.07 

130 

Bailer  Fteedrater  Eooncmizer 

7770  -1 

10 

158 

$687 

$64,650 

0.07 

94 

Boiler  Fteedrater  Eooncmizer 

7105  -2 

5 

184 

$800 

5^1,720 

0.05 

64 

Boiler  Feedrater  Eooncmizer 

7105  -1 

5 

183 

$796 

^1,720 

0.05 

65 

Variable-Speed  Fbns 

4725  -1 

15 

138 

$613 

$86,064 

0.05 

168 

Steel  Fteedrater  Eooncmizer 

7105  -1 

5 

105 

$457 

$20,862 

0.05 

46 

Steel  Fteedrater  Eooncmizer 

7105  -2 

5 

106 

$461 

$20,862 

0.05 

45 

Preheat  Ctmbustion  Air 

7105  -1 

5 

141 

$613 

$41,117 

0.04 

67 

I^'dieat  Ccmbustion  Air 

7105  -2 

5 

141 

$613 

$41,117 

0.04 

67 

Ojy^pn  Trim  System 

7105  -1 

5 

76 

$329 

$16,420 

0.03 

50 

Oxygen  Trim  l^stem 

7105  -2 

5 

76 

$329 

$16,420 

0.03 

50 

Bailer  Tme-Up  OM? 

8874  -1 

15 

33 

$197 

$2,705 

-8.20 

14 

Boiler  Tune-Up  OMR 

7105  -3 

25 

102 

$443 

$2,705 

-7.91 

6 

Bcdler  Ttre-Up  Ol-H 

8977  -2 

10 

45 

$196 

$2,705 

.  -6.31 

14 

Boiler  Tune-Up  OM? 

8028  -1 

10 

151 

$895 

$2,705 

-5.51 

3 

Bcdler  Ttne-Up  OM? 

7579  -2 

10 

103 

$448 

$2,705 

-5.42 

6 

Boiler  Tune-Up  OliR 

8874  -2 

15 

245 

$1,447 

!^,705 

-2.54 

2 

Bail  a*  Ttne-Up  OM? 

7770  -2 

10 

307 

$1,336 

$2,705 

-2.30 

2 

Bcdler  Tune-Up  OM? 

7105  -2 

5 

288 

$1,252 

$2,705 

-1.99 

2 
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TffiLE  ES  2  -  ODILER  EOOs  SORTED  BY  SIR 

SimpiLe 


EGD's  IERFDR^ED 

TONS 

Chiller 

No. 

Life 

(Yrs) 

ELec. 

ICTUS 

Anniel 
Savings  ! 

Cost 

Estiniate 

SIR 

E^tack 

(Years) 

^^OOLLER  SHUTDOWN 

l»40 

4488-2 

15 

12396 

$46,088 

$1,496 

277.22 

0.03 

^PCHIILER  SHJTDOWN 

373 

5250-1 

10 

15600 

$68,001 

$1,496 

271.61 

0.03 

amiER  SHUTDOWl^ 

160 

7120-1 

20 

5170 

$19,222 

$1,496 

133.29 

0.08 

offlLER  auTDoroi 

200 

4484-1 

10 

3206 

$11,920 

$1,496 

71.70 

0.13 

CHILLER  SWTDOWN 

225 

3220-1 

10 

3961 

$14,727 

$1,496 

68.96 

0.10 

CHllED  WAira  ■EMFER/aURE  RESET 

660 

5400-1 

20 

343 

$1,276 

$329 

40.21 

0.3 

OOUED  WATER  TEMEERAIVRE  RESET 

670 

3305-1 

10 

229 

$850 

$329 

18.13 

0.4 

CHTUED  WATER  TH'ffERATURE  RESET 

W 

4488-2 

15 

162 

$603 

$329 

16.47 

0.5 

fHTLLKT)  WATER  TEMEERAIURE  RESET 

225 

3220-1 

10 

135 

5^3 

$329 

10.70 

0.7 

OULLED  WATER  TEMTERAIURE  RESET 

250 

5681-2 

10 

133 

$496 

$329 

10.53 

0.7 

ODILED  WATER  lEMEERAIXIRE  RESET 

373 

5250-2 

5 

132 

$492 

$329 

10.45 

0.7 

CHTLLED  WATER  TIMERAIURE  RESET 

373 

5250-1 

10 

132 

^92 

$329 

10.45 

0.7 

CHILLED  WATER  1EI4FERAIURE  RESET 

200 

4484-1 

10 

81 

$301 

$329 

8.24 

1.1 

QITILFD  WATER  TEMEERAIURE  RESET 

160 

7120-1 

20 

68 

$329 

7.97 

1.3 

ailLED  WATER  TEMEEMEURE  RESET 

155 

5681-1 

10 

83 

$307 

$329 

6.57 

1.1 

CHTILED  WATER  TEMEERAIURE  RESET 

180 

7770-1 

10 

70 

$262 

$329 

5.54 

1.3 

aULLED  WAIER  TEYIERAIURE  RESET 

155 

5681-3 

10 

55 

$329 

4.35 

1.6 

WATERSITE  EOCMOMIZER 

2117 

4500-1 

20 

2953 

$10,979 

$31,696 

3.59 

2.9 

WATERSnE  ECaJCX-IZER 

660 

5400-1 

20 

3215 

$11,953 

$81,131 

1.53 

6.8 

TWO  SEEED  OOCLHC  TOWER  FAN  -  2 

200 

3485-1 

20 

110 

$410 

$3,156 

1.35 

7.7 

TWO  SEEED  CXXLTl^  TOJER  FAJI  -  2 

130 

109-1 

15 

110 

$410 

$3,156 

1.17 

7.7 

WATERSHE  EOCHOMEER 

180 

7770-1 

10 

1247 

$4,637 

$30,408 

1.07 

6.6 

TWO  SEEED  OOCLING  TOWER  FAN  -  2 

225 

3220-1 

10 

110 

$410 

$3,156 

0.91 

7.7 

VARIABLE  SEEED  lUMPIIC 

225 

3220-1 

10 

874 

$3,250 

$44,612 

0.69 

13.7 

TWO  SEEED  OOCLING  TOtiTER  FAN  -  2 

180 

7770-1 

10 

74 

$273 

$2,800 

0.68 

10.3 

^WATERSHE  EOCNOKIZER 

670 

3305-1 

10 

1895 

$7,046 

$74,707 

0.66 

10.6 

^■WAEERSHE  ECI»0-IIZER 

204 

4505-1 

10 

813 

$3,022 

$33,132 

0.64 

11.0 

^^VARIAELE  SEEED  EUMPIHG 

200 

3485-1 

20 

586 

^,178 

$32,462 

0.64 

14.9 

VARIABLE  SEEED  EUMTH} 

155 

5681-1 

10 

1904 

$7,080 

$118,325 

0.57 

16.7 

Tl'IO  SEEED  OOCLBC  TOWER  FAN  -  1 

200 

3485-1 

20 

42 

$157 

$3,156 

0.52 

20.1 

TWO  SEEED  OOCLING  TOWER  FAN  -  1 

130 

109-1 

15 

42 

$157 

$3,156 

0.45 

20.1 

TVIO  SEEED  OOCLDG  TOWER  FAN  -  2 

247 

4500-1 

20 

37 

$137 

$3,156 

0.45 

23.1 

WATERSITE  ECOOIIZER 

440 

4488-1 

10 

725 

$2,696 

^6,074 

0.43 

20.8 

AUTOMATIC  CHULER  TUBE  (LEAI^ING  SYSTEM  660 

5400-1 

20 

369 

$1,373 

$25,092 

0.42 

18.3 

flnOMATIC  CHILLER  TUBE  CLEANING  SXSEM  660 

5400-2 

20 

369 

$1,373 

$25,092 

0.42 

18.3 

WAIERSHE  EOMDl'IEER 

160 

7120-1 

20 

297 

$1,104 

$30,408 

0.38 

27.5 

TWO  SEEED  OOCLING  TOWER  FAN  -  1 

225 

3220-1 

10 

42 

$157 

$3,156 

0.35 

20.1 

TWO  SEEED  OOCLING  TOWER  FAN  -  2 

204 

4505-1 

10 

37 

$137 

$2,800 

0.34 

20.4 

AUTDI^TIC  ailLLER  TUBE  CLEANING  SXSIEM  670 

3305-2 

10 

370 

$1,376 

$25,463 

0.32 

18.5 

VARIABLE  SEEED  EUMPHC 

200 

4484-1 

10 

274 

$1,020 

$31,133 

0.31 

30.5 

ADTDI'IITIC  CHULER  TUBE  (LEANING  SXSTEM  670 

3305-1 

10 

370 

$1,376 

$25,463 

0.29 

18.5 

AUTOMATIC  CHILLER  TUBE  CLEANING  SYSTEM  200 

3485-1 

20 

131 

$487 

$13,789 

0.27 

28.3 

AUTOMTIC  CHILLER  TUBE  CLEANING  SSSEI-J  160 

7120-1 

20 

110 

$411 

$11,709 

0.26 

28.5 

TWO  SEEED  OOCLH'C  TOWER  FAN  -  1 

180 

7770-1 

10 

28 

$105 

$2,800 

0.26 

26.7 

AUTDMflTIC  CHULER  TUBE  CLEANING  SYSTEM  200 

4484-1 

10 

131 

$487 

$13,789 

0.23 

28.3 

WATERSHE  EOCIGMIZER 

130 

109-1 

15 

212 

$786 

$30,408 

0.23 

38.7 

AUTOMATIC  CHIILER  TUBE  (LEANING  SXSIEM  2^17 

4500-1 

20 

138 

1^13 

$16,336 

0.22 

31.8 

AUTOEIATIC  CHILLER  TUBE  CLEANING  SYSIEM  130 

109-1 

15 

85 

$316 

$9,514 

0.21 

30.1 

AUTDI-RTIC  CHILLER  TUBE  CLEANBG  SYSIEM  373 

5250-1 

10 

214 

$796 

$21,006 

0.20 

26.4 

AUTOMATIC  CHILLER  TUBE  (LEANING  SYSIEM  373 

525CE-2 

5 

214 

$796 

$21,006 

0.20 

26.4 

VIATERSHE  ECEWa^ZER 

200 

3485-1 

20 

154 

1^1 

$31,856 

0.19 

55.8 

|»SJroE5ATIC  CHILLER  TUBE  CLEANHC  SYSTEM  225 

3220-1 

10 

146 

1^41 

$14,881 

0.19 

27.5 

^RjTIDEftTIC  CHILLER  TUBE  aEANING  SYSIEM  180 

7770-1 

10 

114 

$424 

$13,173 

0.17 

31.1 

TVJO  SEEED  OOCLING  TOWER  FAN  -  1 

247 

4500-1 

20 

14 

1^2 

$3,156 

0.17 

60.4 
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TME  ES  2  -  CHILLER  EODs  SCRIED  BY  SIE 


Simple 


ECD's  IERK)R^ED 

KNS 

Chiller 

No. 

Life 

(Yrs) 

ELec. 

MBIUs 

Amual 

Savings 

Cbst 

Estimate 

SIR 

I^tack 

(Years) 

^^flJTOMlTIC  CHILLER  lUBE  aEANBG  SYSM^ 
^PAUTOJmC  CHILLER  HEE  dEMRC  SYSTEM 

204 

4505-1 

10 

117 

$435 

$13,777 

0.16 

31.7 

155 

5681-1 

10 

89 

$331 

$11,343 

0.15 

34.3 

flJTDI«RTIC  CHILER  TUBE  (LEANIMG  SYSTEM 

155 

5681-3 

10 

89 

$331 

$10,906 

0.15 

32.9 

AUTCMTIC  CHULEE  TUEE  CLEANING  SYSTEM 

250 

5681-2 

10 

144 

i^34 

$16,531 

0.14 

31.0 

TWO  SIEED  OOCLIHG  TO®?  FAN  -  1 

204 

4505-1 

10 

14 

$2,800 

0.13 

53.8 

WAIERSHE  ECXMOKCER 

225 

3220-1 

10 

142 

^8 

$32,011 

0.12 

60.6 

AUTDMftTIC  CHILLER  TUBE  CLEANING  SYSTEM 

200 

5400-3 

5 

115 

$427 

$13,789 

0.11 

32.3 

CENTRIREAL  CHILLER  REILACEIEHT 

373 

5250-2 

5 

405 

$1,506 

$113,074 

0.05 

75.1 

WAIERSHE  ECEWaCZEH 

373 

5250-1 

10 

77 

$286 

$49,612 

0.04 

173.5 

WATER  TEEAITEWr  /  EEL  REILACE^£NT 

130 

109-1 

15 

24 

$88 

$14,150 

-1.73 

160.8 

CCNTEHSER  TUBE  CLEAr\’ING 

373 

5250-2 

5 

428 

$1,591 

^,412 

-2.87 

3.4 

OCNIOCER  THEE  CLEANRC 

200 

5400-3 

5 

230 

$855 

$2,902 

-2.87 

3.4 

WATER  TBEAIItin'  /  FUL  FEE-AdJENT 

180 

7770-1 

10 

35 

$131 

$8,782 

-2.99 

67.0 

WATER  TREATT-eiT  /  FILL  REILACEJfKT 

204 

4505-1 

10 

36 

$134 

!^,765 

-3.06 

72.9 

WATER  TREAn'HIT  /  EIIL  REE-ACEIEKT 

225 

3220-1 

10 

45 

$167 

$10,263 

-3.20 

61.5 

WATER  TREATESTr  /  FUl.  REHJiCEMEKT 

440 

4488-1 

10 

78 

$290 

$18,380 

-3.51 

63.4 

WATER  /  FILL  FEILACEiyENT 

373 

5250-1 

10 

66 

$245 

$15,153 

-3.60 

61.8 

WATER  TREATT  H'TT  /  FILL  REH4ACE^^NT 

670 

3305-1 

10 

114 

$425 

^4,957 

-3.94 

58.7 

WATER  TREAJEENT  /  FILL  FETLACEIENT 

670 

3305-2 

10 

114 

$425 

$24,957 

-3.94 

58.7 

WATER  TREATTEMT  /  FILL  RETLACEFHOT 

247 

4500-1 

20 

44 

$163 

$13,796 

-3.96 

84.6 

WATER  TREAITENT  /  FILL  REILACEMHT 

160 

7120-1 

20 

34 

$126 

$8,307 

-4.23 

65.9 

WATER  TREATFEWT  /  FUL  RBHJiCEIENT 

440 

4488-2 

15 

81 

$301 

$18,380 

-4.55 

61.1 

CHJEENaR  TUBE  (LEANING 

225 

3220-1 

10 

291 

$1,082 

$3,265 

-4.67 

3.0 

OCWreeER  TIK  CLEANING 

180 

7770-1 

10 

228 

$848 

$2,612 

-4.72 

3.1 

OONUHSER  TUBE  CLEANING 

155 

5681-1 

10 

178 

$662 

:^,249 

-4.93 

3.4 

^^OCWTRCER  TUEE  CLEANED 

250 

5681-2 

10 

287 

$1,067 

$3,627 

-4.93 

3.4 

TUBE  CLEANING 

155 

5681-3 

10 

178 

$662 

$2,249 

-4.93 

3.4 

^^crwrscER  TUd’-  cleaning 

440 

4488-1 

10 

505 

$1,878 

$6,384 

-4.94 

3.4 

CCS'IEEIJSER  TUIffi  CLEfflIING 

373 

5250-1 

10 

428 

$1,591 

^,412  • 

-4.04 

3.4 

OCHEHEER  VJEE  (LEANEC 

20i| 

4505-1 

10 

234 

$870 

$2,960 

-4.94 

3.4 

(HOTHSER  TUBE  CLEANING 

670 

3305-2 

10 

740 

$2,751 

^,721 

-5.01 

3.5 

OCHEBJSER  TUEE  CLEAtOTG 

670 

3305-1 

10 

740 

1^,751 

$9,721 

-5.01 

3.5 

WATER  TREATTFIJT  /  FILL  REILACEtENT 

200 

34^1 

20 

40 

$149 

$8,259 

-5.33 

55.4 

WATER  TRFJaiHJr  /  FILL  REHJiCEtH^r 

660 

5400-1 

20 

114 

$424 

$24,719 

-5.91 

58.3 

WATER  TREATFENT  /  FUl.  FIETLACEIINT 

660 

5400-2 

20 

114 

$424 

$24,676 

-5.92 

58.2 

OCHEEIBER  TUEE  CLEANING 

200 

4484-1 

10 

262 

$974 

J^,902 

—6.06 

3.0 

CaiEEli:®  TUBE  CLEANING 

440 

4488-2 

15 

524 

$1,948 

$6,384 

-6.33 

3.3 

ccNmcER  lira;  cleaning 

130 

109-1 

15 

153 

$669 

$1,886 

-6.36 

3.3 

cnraa^sER  tube  aEATJiNG 

160 

7120-1 

20 

221 

$2,322 

-6.88 

2.8 

OCNEEIBER  TUEE  CLEANUP 

200 

3485-1 

20 

262 

$974 

J^,902 

-7.07 

3.0 

CONEEN^R  TUBE  CLEANING 

247 

4500-1 

20 

276 

$1,026 

$3,584 

-7.58 

3.5 

OUEEIBER  TUEE  CLEANHC 

660 

5400-1 

20 

739 

$2,748 

$9,576 

-7.58 

3.5 

CdireJSR  TUBE  CLEANING 

660 

5400-2 

20 

737 

$2,740 

$9,576 

-7.58 

3.5 

SH'-l  raiVFK  VS.  ELEC.  rfOVEK  CHILLERS 

225 

3220-1 

10 

4650 

$2,028 

$188,975 

93.2 
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)€(njs  Saved  Simple 

Boiler  Eboncmic  Elec.  Ibt.  Gas  #2  Oil  Annual  Cost  Pa^dc 

ECO  No.  life  EETOs  ECIUs  MBIUs  Savings  Estimate  SIR  (Years) 


•  Boiler  Tune-Up  OMR 

115-2 

25 

903 

13,927 

$2,705 

21.18 

0.69 

Turbulator  mkallation 

115-2 

25 

120 

$522 

$1,295 

9.10 

2.50 

**  Burner  Replacement 

115-2 

25 

977 

$4,248 

$11,622 

8.26 

2.70 

•* * ••• *•**  Bcdler  Downsizing 

115-2 

25 

1488 

$6,475 

$45,285 

3.23 

7.00 

Steel  Econonizer 

115-2 

25 

306 

$1,333 

$23,496 

1.15 

18.00 

Suimer  Boiler 

115-2 

25 

559 

$2,430 

$25,478 

2.16 

10.50 

••  Boiler  Replacement 

115-2 

25 

977 

$4,248 

$55,905 

1.72 

13.20 

Oxygen  Trim  System 

115-2 

25 

238 

$1,037 

$16,420 

1.24 

16.00 

Prdieat  Combustion  Air 

115-2 

25 

580 

$2,523 

$46,257 

1.16 

18.00 

•  Boiler  Ttne-Up  OMR 

362H-1 

10 

2449 

$10,655 

$2,705 

30.48 

0.25 

•  Boiler  Tune^p  OMR 

3624-2 

10 

748 

$3,254 

$2,705 

4.45 

0.83 

•  Boiler  Tune-Up  OMR 

3624-3 

10 

8599 

$37,407 

$2,705 

124.60 

0.07 

•  Boiler  Tune-Up  OMR 

3624-4 

10 

34338 

$149,372 

$2,705 

518.52 

0.02 

•  Boiler  Thne-Up  OPE 

4725-1 

15 

1945 

$8,460 

$2,705 

36.27 

0.32 

•  Boiler  Tune-l^  OMR 

4725-2 

15 

21293 

$92,626 

$2,705 

495.49 

0.03 

•  Boiler  TUne-Up  (Ml 

4725-3 

15 

?r93i 

$251,998 

$2,705 

1341.68 

0.01 

Turbulator  Ihstallaticn 

7105-3 

25 

69 

$300 

$1,723 

3.93 

5.70 

Burner  Replacement 

7105-3 

25 

413 

$1,795 

$13,575 

2.99 

7.60 

Boiler  Downsizing 

7105-3 

25 

774 

$3,368 

$40,907 

1.86 

12.10 

Boiler  Tune-l^i  OMR 

7105-4 

10 

925 

$4,025 

$2,705 

7.16 

0.67 

Turbulator  Histallaticn 

7105-4 

10 

86 

$374 

$1,723 

2.07 

4.60 

•••  Boiler  Downsizing 

7105-4 

10 

1102 

$4,792 

$40,907 

1.12 

8.50 

Burner  Replacement 

7105-4 

10 

732 

$3,184 

$30,026 

1.01 

9.40 

Turtulatcr  Installaticsi 

7153-1 

5 

82 

$357 

$287 

5.64 

0.80 

*  Boiler  Tune-Up  OMR 

7153-1 

5 

705 

$3,067 

$2,705 

1.05 

0.88 

Suimer  Boiler 

7291-1 

15 

257 

$1,118 

$16,100 

1.01 

14.40 

Turbulator  Installation 

7579-1 

10 

156 

$679 

$861 

7.50 

1.27 

Burner  Replacement 

7579-1 

10 

858 

$3,734 

$10,319 

3.44 

2.80 

^1^  Steel  Economizer 

7579-1 

10 

607 

$2,640 

$20,862 

1.12 

6.00 

Turbulator  Ihstallaticn 

7579-2 

10 

33 

$144 

$861 

1.59 

6.00 

Burner  Replacement 

7579-2 

10 

283 

$1,232 

$10,319 

1.14 

8.40 

****  Burner  Replacement 

7770-1 

10 

344 

$1,497 

$10,319 

1.38 

6.90 

Turbulator  Installation 

7770-1 

10 

44 

$191 

$1,723 

1.06 

9.00 

Burner  Replacement 

7770-2 

10 

345 

$1,499 

$10,319 

1.38 

6.90 

Turbulator  Installation 

7770-2 

10 

44 

$191 

$1,723 

1.06 

9.00 

Turbulator  Installation 

8028-1 

10 

39 

$230 

$1,723 

1.12 

7.48 

•  Boiler  Tune-Up  OMR 

8028-2 

25 

529 

$3,125 

$2,705 

19.21 

0.87 

Turbulator  Installation 

8028-2 

25 

98 

$579 

$1,723 

6.21 

2.98 

Oxygen  Trim  System 

8028-2 

25 

279 

$1,649 

$16,420 

1.67 

9.96 

Preheat  Combustion  Air 

8028-2 

25 

522 

$3,085 

$53,996 

1.00 

18.00 

Turbulator  Installation 

8874-1 

15 

49 

$290 

$518 

6.82 

1.79 

Burner  Replaoemait 

8874-1 

15 

319 

$1,882 

$9,017 

2.55 

4.80 

Turbulator  Installation 

8874-2 

15 

28 

$165 

$518 

3.90 

3.13 

Burner  Replacement 

8874-2 

15 

200 

$1,182 

$9,017 

1.60 

7.60 

•  Boiler  Tune-Up  (MR 

8977-1 

10 

1965 

$8,548 

$2,705 

23.08 

0.32 

Burner  Replacemait 

8977-1 

10 

749 

$3,257 

$10,319 

3.00 

3.20 

Turbulator  Distallatlon 

8977-1 

10 

52 

$226 

$861 

2.50 

3.81 

Turbulator  Installaticxi 

8977-2 

10 

38 

$165 

$861 

1.83 

5.21 

Burner  Replacement 

8977-2 

10 

303 

$1,317 

$10,319 

1.22 

7.80 

•  Padage  In  place  (work  to  be  ecopleted  in  sam&r  1987)  }  Per  guidance  throu^  letter  dated  tfey  18,  1987f 

•»  Work  completed  }  from  Keith  Kirtdy  for  ftiul  W.  Hancock,  Director 

•••  Discontinued  -  new  ^staon  in  place  }  of  Engineering  and  Ifciusing,  to  Ncrm  Meinert  of 

*•**  Boiler  rehabilitation  package  #  1  (wade  in  progress)  }  Baiateoih,  Inc. 
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TABLE  ES  4  -  anUER  BOOs  VniH  SIR  >  1  (SORTED  BY  BOILDINS) 


ELec.  Simple 

Chiller  Life  ^B^Os  Annual  Cost  Payback 


EGO’S  lERFDRlED 

TUNS 

No. 

(YES.)  Sawings 

Sawings 

Estimate 

SIR 

(Years) 

TWO  SHED  COOLING  TOWER  FAN  -  2 

130 

109-1 

15 

110 

$410 

$3,156 

1.17 

7.70 

CHILLER  aKTDCWN 

225 

3220-1 

10 

3961 

$14,727 

$1,496 

68.96 

0.10 

fHTf  J.FD  WATER  TEMEERATURE  RESET 

225 

3220-1 

10 

135 

$603 

$329 

10.70 

0.65 

•  fyrTJ.Rr)  WATER  UMFERATURE  RESET 

670 

3305-1 

10 

229 

$850 

$329 

18.13 

0.39 

TWO  SPEED  COOLING  TOWER  FAN  -  2 

200 

3485-1 

2D 

110 

$410 

$3,156 

1.35 

7.70 

chuler  auTDowN 

200 

4484-1 

10 

3206 

$11,920 

$1,496 

71.70 

0.13 

fHTrJ.PD  WATER  TEMEERATURE  RESET 

200 

4484-1 

10 

81 

$301 

$329 

8.24 

1.09 

CHILLER  SaJTDOWN 

JWO 

4488-2 

15 

12396 

$46,088 

$1,496 

277.22 

0.03 

*  CHIILED  WATER  TEMPERATURE 

W 

4488-2 

15 

162 

$603 

$329 

16.47 

0.55 

WATERSaiE  EOONCMZER 

2ll7 

4500-1 

20 

2953 

$10,979 

$31,696 

3.59 

2.89 

CHULER  aTUTDOWN 

373 

5250-1 

10 

15600 

$58,001 

$1,496 

271.61 

0.03 

•  CHIILED  WATEH  TEMPERATURE  REST 

373 

5250-1 

10 

132 

$492 

$329 

10.45 

0.67 

»  CHTrJ.m  WATER  TEMEERATURE  RESET 

373 

5250-2 

5 

132 

$492 

$329 

10.45 

0.67 

CHIILED  WATER  TEMPERATURE  REST 

660 

5400-1 

20 

343 

$1,276 

$329 

40.21 

0.26 

WATERSITE  ECONSMIZER 

660 

5400-1 

20 

3215 

$11,953 

$81,131 

1.53 

6.79 

amJED  WATER  TaiPERATURE  REST 

155 

5681-1 

10 

83 

$307 

$329 

6.57 

1.07 

CHULH)  WATER  TEMPERATURE  RESET 

250 

5681-2 

10 

133 

$496 

$329 

10.53 

0.66 

CHILIED  WATER  TFMPERATURE  REST 

155 

5681-3 

10 

55 

$205 

$329 

4.35 

1.60 

CHILLER  arUTDOWN 

160 

7120-1 

20 

5170 

$19,222 

$1,496 

133.29 

0.08 

CHUIED  WATER  TEMPERATURE  RESET 

160 

7120-1 

20 

68 

$254 

$329 

7.97 

1.30 

CHILLH)  WATER  TFMERATURE  RESET 

180 

7770-1 

10 

70 

$262 

$329 

5.54 

1.26 

WATERSIEE  EOONCMZER 

180 

7770-1 

10 

1247 

$4,637 

$30,408 

1.07 

6.56 

•  Work  to  be  acocmplished  in  FYSS  per  guidance  of  letter  dated  Lfey  13*  1987,  fhan  Keith  Kirkley  for 
Paul  W,  Ifenoodc,  Director  of  En^neering  and  Housing,  to  Nora  teinert  of  Benatedh,  Hic. 


EXECUTIVE  SUMMARY 


PAGE  16 


3.3  RECOMMENDATIONS 


Once  all  the  ECOs  which  offered  project  potential  were  Isolated,  the 
synergistic  effects  of  each  combination  were  evaluated.  The  results  of  the 
iterative  analysis  are  the  No  cost/Low  Cost  Projects.  There  are  four  projects 
as  described  below. 

1.  Boiler  Optimization 

-  These  projects  are  on  a  per-boiler  basis.  They  include  all  ECOs 
per  respective  boiler,  with  SIRs  greater  than  1.0,  that  are  not 
already  being  Implemented  and  are  not  mutually  exclusive  with 
other  ECOs  for  the  same  boiler. 

2.  Chiller  Optimization 

-  These  projects  are  on  a  per-chiller  basis  and  include  ECOs  for 
the  respective  chiller  with  SIRs  greater  than  1.0.  ECOs  included 
in  optimization  projects  are  chilled  water  reset  and  chiller 
shutdown  if  they  already  are  not  implemented.  The  term 
optimization  describes  chiller  operation  and  obtaining  the 
appropriate  amount  of  refrigeration  affect  when  it  is  necessary. 

3.  Chiller  Economizer 

-  These  projects  are  on  a  per-chiller  basis  and  Include  ECOs  for 
the  respective  chiller  with  SIRs  greater  than  1.0.  ECOs  included 
in  optimization  projects  are  water  side  economizer  and  two-speed 
cooling  tower  unless  they  have  already  been  implemented.  The 
term  economizer  refers  to  the  condenser  water  side  of  the  chilled 
water  system. 

i|.  Complete  Chiller  Optimization 

-  These  projects  are  on  a  per-chiller  basis  and  Include  ECOs  for 
the  respective  chiller  with  SIRs  greater  than  1.0.  ECOs  included 
in  complete  optimization  projects  include  chilled  water  reset, 
condenser  tube  cleaning,  autcsnatic  chiller  tube  cleaner,  vjater 
treatment/fill  replacement,  water  side  economizer,  variable  speed 
pumping,  two-speed  cooling  tower  and  chiller  shutdown.  The  term 
economizer  refers  to  all  projects  which  will  enhance  the 
performance  of  the  chiller. 
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The  results  of  the  Boiler  and  Chiller  study  are  shewn  in  Table  ES  5.  Table 
ES  6  is  a  summary  of  boiler  projects  by  type  of  project.  Table  ES  7  is  a 
summary  of  chiller  projects  sorted  by  building  number.  Graphs  ES  1  and  ES  2 
depict  current  boiler  plant  fuel  consumption  compared  with  the  reduced  energy 
consumption  should  all  boiler  projects  be  Implemented.  Graphs  ES  3  through  ES  5 
show  the  energy  savings  from  the  Chiller  Projects,  broken  down  by  type  and  by 
building  number.  Graph  ES  6,  shows  energy  savings  by  fuel  type  for  both 

Boiler  and  Chiller  Projects. 
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TAELE  ES  5  -  SDMffilff  CF  FKOJBCIS 


eidctric 

(MBfIUs) 

-  ANNUAL 
NAT  GAS 
(MBTOs) 

SAVUISS- 
1S.  OIL 
(METUs) 

Annual 

$$ 

Cost 

Estimate 

Sinple 

Tfeiyback 

(Years) 

BOILER 

TOTALS 

0 

4,821 

1,636 

$30,636 

$231,957 

7.57 

chuler 

TOTALS 

48,820 

0 

0 

$181,178 

$159,659 

0.88 

STUDY 

TOTALS 

48,820 

4,821 

1,636 

!^1 1,814 

$391,616 

1.85 

TOTAL  MBTOs/YE:  55,277 
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TABLE  ES  6  -  SratfiEf  OF  B03LE3?  PRCJBCTS  BY  BOILDINS 


PROJECT  TULE 

Boiler 

No. 

Life 

Cms) 

- SAVINGS - 

NAT  GAS  #2  OIL 
(MBIVs)  (LBIUs) 

Annual 

Sanrlngs 

Cost 

Estimate 

SIR 

SI Triple 

Paytedc 

(Years) 

BOILER  QPnMEZ/ffnDN 

115-2 

25 

$6,375 

$59,174 

2.38 

9.28 

BOILER  OPnMIZAriDN 

7105-3 

25 

m 

$2,076 

$15,298 

3.06 

7.37 

BOILER  CPTIMEZATIDN 

7153-1 

5 

82 

$357 

$257 

5.65 

0.80 

BOILER  OPnMEATIQN 

7291 

15 

257 

$1,118 

$16,100 

1.01 

14.40 

BOILER  OPTIMEZATIDN 

7579-1 

10 

1006 

$4,377 

$11,180 

3.73 

2.55 

BOILER  OPUMIZAriON 

7579-2 

10 

31^ 

$1,365 

$11,180 

1.16 

8.19 

BOILER  CFTIMIZATIDN 

7770-1 

10 

iW 

$190 

$1,723 

1.05 

9.07 

BOILER  OPnMLZfiTIOJ 

7770-2 

10 

41* 

$190 

$1,723 

1.05 

9.07 

BOILER  OFTIMrZATIDN 

8028-1 

10 

39 

$232 

$1,723 

1.12 

7.43 

BOILER  OPUMEffriON 

8028-2 

25 

1006 

$5,947 

$72,139 

1.44 

12.13 

BOILER  OPTIMEZATIDN 

887i*-1 

15 

365 

$2,154 

$9,535 

2.76 

4.43 

BOILER  OPTIMIZATION 

887^1-2 

15 

226 

$1,336 

$9,535 

1.71 

7.14 

BOILER  OPTIMEZffiriDN 

8897-1 

10 

794 

$3,452 

$11,180 

2.94 

3.24 

BOILER  OPTIMIZffriON 

8897-2 

10 

337 

$1,467 

$11,180 

1.25 

7.62 

TOTALS: 

4821 

1636 

$30,636 

$31,957 

7.57 

II 

il 

tl 

II 

II 

II 

ii 

II 

II 

ssr 
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TAELE  ES  7  -  SHtffilff  CF  CfflllER  PROJECIS  Hf  HHIDING 


ELec.  Siople 

Chiller  Life  MBIUs  Annual  Cost  Payback 


PROJECT  TTILE 

TOJS 

No. 

(YRS)  Savir«s 

Savings 

Estimate 

SIR 

(Years) 

OniLER  BOCMMIZER 

130 

109-1 

15 

110 

$409 

$3,156 

1.17 

7.72 

CHILLER  OPTIMIZATION 

225 

3220-1 

10 

4096 

$15,229 

$1,825 

58.46 

0.12 

CHILLER  BOCMMZER 

200 

3485-1 

20 

110 

$410 

$3,156 

1.35 

7.70 

CHILLER  CFroUZATICW 

200 

4484-1 

10 

3287 

$12,221 

$1,825 

60.26 

0.15 

cmrjjH  oPTiMiZATiaj 

W 

4488-2 

15 

12396 

$46,088 

$1,496 

277.22 

0.03 

CHILLER  BDONCMIZER 

247 

4500-1 

20 

2953 

$10,979 

$31,696 

3.59 

2.89 

CHILLER  OPTMEAnCH 

373 

5250-1 

10 

15600 

$58,001 

$1,496 

271.61 

0.03 

CCMPLETE  CHILLER  QFTIMrZATrON 

660 

5400-1 

20 

33m 

$12,593 

$81,460 

1.60 

6.47 

CHTTJER  OPTIMIZATI(»J 

155 

5681-1 

10 

$309 

fe29 

6.57 

1.06 

CHILLER  OPTIMIZATION 

250 

5681-2 

10 

133 

$494 

$329 

10.53 

0.67 

CHILLER  OPTEMEAnCH 

155 

5681-3 

10 

55 

$204 

$329 

4.35 

1.61 

CHULER  OPIIMIZATrON 

160 

7120-1 

20 

5328 

$19,475 

$1,825 

110.70 

0.09 

CCMELETE  CHILLER  OPTMEATLOE 

180 

7770-1 

10 

1282 

$4,766 

$30,737 

1.09 

6.45 

TOTALS: 

48820 

$181,178 

$159,659 

0.88 
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GRAPH  ES  1  BOILER  SAVINGS  BY  BUILDING 


( spuuDsnoyj, ) 

(HA/nXQN)  NOUdHIlSNOD  AOddNS 
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1Z71  PRESENT  ENERGY  USE  PROJECTED  USAGE 


GRAPH  ES  2  BOILER  SAVINGS  BY  BUILDING 


(spXMDSTLOyji ) 

(HA/nXQN)  NOUdNnSNOD  AOH3N3 
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CHILLER  PROJECTS  SAVINGS 

Redstone  ArsonaX,  ffwiisviXlc,  Alabwma 


(spxjmsrunix ) 

soHiAYs  xmn 
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CHILLER  PROJECTS  SAVINGS 

Redstone  Arsenal,  Huntsville,  Alabama 
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DOLLAR  SAVINGS  PyXl  MBTU  SAVINGS 


CHILLER  PROJECTS  SAVINGS 

Redstone  Arsenal,  Huntsville,  Alabama, 


(spunsnoyj^ ) 
SONIAVS  XINJl 
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GRAPH  ES  6  ENERGY  SAVINGS  BY  FUEL  TYPE 


I 

^  i 

o 

C<1 

§ 

a; 


rf)  ^ 
'J^  O' 

o  g 

h=H  1^3 
!>- 

^  S 
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f-  I 
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O  i 
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( sp'WDsnoxij, ) 
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I  K  D  K  I 


i  Vol  ECO  BESOLTS  COST  EST  ECIP  TEST  TABLE 


ECO  Title 

B/C  M 

1 

App  Page 

Page 

Page 

Page 

Page 

Page 

AOTOHATIC  CHILLER  TOBE  CLEAHIHG  SYSTEH 

109 

1 

Till  - 

D  83,84 

'82 

85,86 

87 

ADTOHATIC  CHILLER  TOBE  CLEARING  SYSTEM 

3220 

1 

YIII  - 

D  88,89 

82 

90,91 

92 

AOTOHATIC  CHILLER  TOBE  CLEANING  SYSTEM 

3305 

2 

Till  - 

D  98,99 

62 

100,101 

102 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEM 

3305 

1 

Till  - 

D  93,94 

82 

95,96 

97 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEH 

3485 

1 

Tin  - 

D  103.104 

82 

105,106 

107 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEH 

4484 

I 

Tin  - 

D  108,109 

82 

110,111 

II2 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEH 

4500 

1 

Tin  - 

D  113,114 

62 

115,116 

117 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEM 

4505 

1 

Tin  - 

B  116,119 

82 

120,121 

122 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEM 

5250 

1 

Tin  - 

D  123,124 

82 

125,126 

127 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEM 

5250 

2 

Tin  - 

D  128,129 

82 

130,131 

132 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEM 

5400 

2 

Tin  - 

0  138,139 

82 

140.141 

142 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEM 

5400 

1 

Tin  - 

D  133,134 

82 

135,136 

137 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEH 

5400 

3 

Tin  - 

B  143,144 

82 

145,146 

147 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEH 

5681 

1 

Tin  - 

B  148,149 

82 

150,151 

152 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEM 

5681 

2 

Tin  - 

B  153,154 

82 

155,156 

157 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEM 

5681 

3 

Tin  - 

B  158,159 

82 

160,161 

162 

AOTOMATIC  CHILLER  TOBE  CLEANING  SYSTEM 

7120 

1 

Tin  - 

B  163,164 

82 

165,166 

167 

AOTOHATIC  CHILLER  TOBE  CLEANING  SYSTEH 

7770 

1 

Tin  - 

B  168,169 

82 

170,171 

172 

BACEGROOND 

Ex 

I  - 

1 

BOILER  AND  CHILLER  CONTROL  SYSTEMS 

N 

n  - 

3  4 

BOILER  AND  CHILLER  OPERATION  AND  MAINTENANCE 

N 

n  - 

3  4 

BOILER  EEEDNATER  ECONOMIZER 

115 

2 

TI  - 

C  460-462 

458 

463 

464 

459 

BOILER  EEEDNATER  ECONOMIZER 

7105 

1 

TI  - 

C  465-467 

458 

468 

469 

459 

BOILER  EEEDNATER  ECONOMIZER 

7105 

4 

TI  - 

C  460-482 

458 

483 

484 

459 

BOILER  EEEDNATER  ECONOMIZER 

7105 

3 

TI  - 

C  475-477 

458 

478 

479 

459 

BOILER  EEEDNATER  ECONOMIZER 

7105 

2 

TI  - 

C  470-472 

458 

473 

474 

459 

BOILER  EEEDNATER  ECONOMIZER 

7153 

1 

TI  - 

C  485-487 

458 

488 

489 

459 

BOILER  EEEDNATER  ECONOMIZER 

7579 

2 

TI  - 

C  495-497 

458 

498 

499 

459 

BOILER  EEEDNATER  ECONOMIZER 

7579 

1 

TI  - 

C  490-492 

458 

493 

494 

459 

BOILER  EEEDNATER  ECONOMIZER 

7770 

2 

TI  - 

C  505-507 

458 

508 

509 

459 

BOILER  EEEDNATER  ECONOMIZER 

7770 

1 

TI  - 

C  500-502 

458 

503 

504 

459 

BOILER  EEEDNATER  ECONOMIZER 

8028 

2 

TI  - 

C  515-517 

458 

518 

519 

459 

BOILER  EEEDNATER  ECONOMIZER 

6028 

1 

TI  - 

C  510-512 

458 

513 

514 

459 

BOILER  EEEDNATER  ECONOMIZER 

8874 

1 

TI  - 

C  520-522 

458 

523 

524 

459 

BOILER  EEEDNATER  ECONOMIZER 

8874 

2 

TI  - 

C  525-527 

458 

528 

529 

459 

BOILER  EEEDNATER  ECONOMIZER 

8977 

1 

TI  - 

C  530-532 

458 

533 

534 

459 

BOILER  OPTIMIZATION 

115 

2 

IT  - 

B  2 

1 

7 

BOILER  OPTIMIZATION 

7105 

3 

IT  - 

B  9 

1 

14 

BOILER  OPTIMIZATION 

7153 

I 

IT  - 

B  16 

1 

20 

BOILER  OPTIMIZATION 

7291 

IT  - 

B  22 

1 

26 

BOILER  OPTIMIZATION 

7579 

1 

IT  - 

B  28 

1 

33 

BOILER  OPTIMIZATION 

7579 

2 

IT  - 

B  35 

1 

39 

BOILER  OPTIMIZATION 

7770 

1 

IT  - 

B  41 

1 

45 

BOILER  OPTIMIZATION 

7770 

2 

IT  - 

B  47 

1 

51 

BOILER  OPTIMIZATION 

8028 

1 

IT  - 

6  53 

1 

57 

BOILER  OPTIMIZATION 

8028 

2 

IT  - 

B  59 

1 

64 

BOILER  OPTIMIZATION 

8874 

1 

IT  - 

B  66 

1 

70 

BOILER  OPTIMIZATION 

8874 

2 

IT  - 

B  72 

1 

76 

BOILER  OPTIMIZATION 

8977 

1 

IT  - 

B  76 

1 

82 

BOILER  OPTIMIZATION 

8977 

2 

IT  - 

B  84 

1 

87 

BOILER  TESTING 

115 

2 

II  - 

E 

51-56 

57,58 

BOILER  TESTING 

3624 

2 

II  - 

E 

51-56 

61,62 

BOILER  TESTING 

3624 

4 

II  - 

E 

51-56 

65,66 

BOILER  TESTING 

3624 

1 

II  - 

E 

51-56 

59,60 

I  R  D  S  I 


ECO  Title 

B/C  1-1 

7ol 

1 

ECO 

ipp  Page 

RESULTS  COST  EST 
Page  Page 

ECIP 

Page 

TEST  TABLE 

Page  Page 

BOILER  TESTING 

3624 

3 

11 

-  F 

51-56 

63,64 

BOILER  TESTING 

4725 

2 

II 

-  F 

51-56 

69,70 

BOILER  TESTING 

4725 

1 

II 

-  F 

51-56 

67,68 

BOILER  TESTING 

4725 

3 

II 

-  F 

51-56 

71,72 

BOILER  TESTING 

7105 

1 

11 

-  F 

51-56 

73,74 

BOILER  TESTING 

7105 

3 

II 

-  F 

51-56 

77,78 

BOILER  TESTING 

7105 

2 

II 

-  F 

51-56 

75,76 

BOILER  TESTING 

7105 

4 

II 

-  F 

51-56 

79,80 

BOILER  TESTING 

7153 

1 

II 

-  F 

51-56 

81,82 

BOILER  TESTING 

7231 

1 

II 

-  F 

51-56 

83,84 

BOILER  TESTING 

7291 

2 

II 

-  F 

51-56 

85,86 

BOILER  TESTING 

7579 

2 

II 

-  F 

51-56 

89,90 

BOILER  TESTING 

7579 

1 

II 

-  F 

51-56 

87,88 

BOILER  TESTING 

7579 

5 

II 

-  F 

51-56 

93,94 

BOILER  TESTING 

7579 

4 

II 

-  F 

51-56 

91,92 

BOILER  TESTING 

7770 

2 

II 

-  F 

51-56 

97,98 

BOILER  TESTING 

7770 

1 

11 

-  F 

51-56 

95,96 

BOILER  TESTING 

7855 

1 

II 

-  F 

51-56 

99,100 

BOILER  TESTING 

8028 

2 

II 

-  F 

51-56 

103,104 

BOILER  TESTING 

8028 

1 

II 

-  F 

51-56 

101,102 

BOILER  TESTING 

8874 

1 

II 

-  F 

51-56 

105,106 

BOILER  TESTING 

8874 

2 

11 

-  F 

51-56 

107,108 

BOILER  TESTING 

8977 

2 

II 

-  F 

51-56 

111,112 

BOILER  TESTING 

8977 

1 

II 

-  F 

51-56 

109,110 

BOILER  TONE-OP 

115 

2 

V 

-  C 

3 

1 

5 

6 

2 

BOILER  TONE-OP 

3624 

2 

V 

-  C 

11,12 

1 

13 

14 

2 

BOILER  TONE-OP 

3624 

3 

? 

-  c 

15,16 

1 

17 

18 

2 

BOILER  TONE-OP 

3624 

4 

V 

-  c 

19,20 

1 

21 

22 

2 

BOILER  TONE-OP 

3624 

1 

7 

-  c 

7,8 

1 

9 

10 

2 

BOILER  TONE-OP 

4725 

3 

7 

-  c 

31,32 

1 

33 

34 

2 

BOILER  TONE-OP 

4725 

2 

7 

-  c 

27,28 

1 

29 

30 

2 

BOILER  TONE-OP 

4725 

1 

7 

-  c 

23,24 

1 

25 

26 

2 

BOILER  TONE-OP 

7105 

4 

7 

-  c 

47,48 

1 

49 

50 

2 

BOILER  TONE-DP 

7105 

2 

7 

-  c 

39,40 

1 

41 

42 

2 

BOILER  TONE-OP 

7105 

3 

7 

-  c 

43,44 

1 

45 

46 

2 

BOILER  TONE-OP 

7105 

1 

7 

-  c 

35,36 

1 

37 

38 

2 

BOILER  TONE-OP 

7153 

1 

7 

-  c 

51,52 

1 

53 

54 

2 

BOILER  TONE-OP 

7579 

2 

7 

-  c 

55,56 

1 

57 

58 

2 

BOILER  TONE-OP 

7770 

2 

7 

-  c 

59,60 

1 

61 

62 

2 

BOILER  TONE-OP 

8028 

2 

7 

-  c 

67,68 

1 

69 

70 

2 

BOILER  TONE-OP 

8028 

1 

7 

-  c 

63,64 

1 

65 

66 

2 

BOILER  TONE-OP 

8874 

2 

7 

-  c 

75,76 

1 

77 

78 

2 

BOILER  TONE-OP 

8874 

1 

7 

-  c 

71,72 

1 

73 

74 

2 

BOILER  TONE-OP 

8977 

2 

7 

-  c 

83,84 

1 

85 

86 

2 

BOILER  TONE-DP 

8977 

1 

7 

-  c 

79,80 

1 

81 

82 

2 

BOBNER  REPLECEHENT 

115 

2 

7 

-  c 

89,90 

87 

91 

92 

88 

BOBNER  REPLACENENT 

7105 

2 

7 

-  c 

97,98 

87 

99 

100 

88 

BORNER  REPLACENENT 

7105 

1 

7 

-  c 

93,94 

87 

95 

96 

88 

BOBNER  REPLACENENT 

7105 

3 

7 

-  c 

101,102 

87 

103 

104 

88 

BOBNER  REPLACENENT 

7105 

4 

7 

-  c 

105,106 

87 

107 

108 

88 

BORNER  REPLACENENT 

7153 

1 

7 

-  c 

109,110 

87 

111 

112 

88 

BORNER  REPLACENENT 

7579 

2 

7 

-  c 

117,118 

87 

119 

120 

88 

BOBNER  REPLACENENT 

7579 

1 

7 

-  c 

113,114 

87 

115 

116 

88 

BORNER  REPLACENENT 

7770 

1 

7 

-  c 
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87 
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88 
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CHILLED  NETER  TEHPERETDRE  RESET 

CHILLED  NETER  TEHPEBETDBE  BESET 

CHILLED  NETER  TEHPERETDRE  BESET 

CHILLED  NETER  TEHPEBETDBE  BESET 

CHILLED  NETER  TEHPERETDRE  RESET 

CHILLED  NETER  TEHPERETDRE  RESET 

CHILLED  NETER  TEHPERETDRE  BESET 

CHILLED  NETER  TEHPERETDRE  RESET 

CHILLED  NETER  TEHPERETDRE  RESET 

CHILLED  NETER  TEHPERETDRE  BESET 

CHILLED  NETER  TEHPERETDRE  BESET 

CHILLED  NETER  TEHPERETDRE  BESET 

CHILLER  ECONOKIZEB 

CHILLER  ECONONIZER 

CHILLER  ECONONIZER 

CHILLER  OPTIHIZETION 

CHILLER  OPTIHIZETION 

CHILLER  OPTIHIZETION 

CHILLER  OPTIHIZETION 

CHILLER  OPTIHIZETION 

CHILLER  OPTIHIZETION 

CHILLER  OPTIHIZETION 

CHILLER  OPTIHIZETION 

CHILLER  SHDTDONN 

CHILLER  SHDTDONN 

CHILLER  SHDTDONN 

CHILLER  SHDTDONN 

CHILLER  SHDTDONN 

CHILLER  TESTING 

CHILLER  TESTING 

CHILLER  TESTING 
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CHILLER  TESTING 
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7 

-  C 

133,134 

87 

8874  2 

7 

-  C 

141,142 

87 

8874  1 

7 

-  C 

137,138 

87 

8977  2 

7 

-  C 

149,150 

87 

8977  1 

7 

-  C 

145,146 

87 

N 

II 

-  3 

5 

5250  2 
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441 

4484  1 

II 
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4488  2 

11 
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-  B 
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Ex 

I  - 

8 
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N 

11  - 

6 

1 

COEDENSEB  TUBE  CLEARING 

109 

1 

VIII  - 

D 

2.3 

1 

4 

5 

CONDENSER  TUBE  CLEANING 

3220 

1 

VIII  - 

D 

6.7 

1 

8 

9 

CONDENSER  TUBE  CLEANING 

3305 

2 

VIII  - 

D 

14,15 

1 

16 

17 

CONDENSER  TUBE  CLEANING 

3305 

1 

VIII  - 

D 

10,11 

1 

12 

13 

CONDENSER  TUBE  CLEANING 

3485 

1 

VIII  - 

D 

18,19 

1 

20 

21 

CONDENSER  TUBE  CLEANING 

4484 

1 

VIII  - 

D 

22,23 

I 

24 

25 

CONDENSER  TUBE  CLEANING 

4488 

1 

VIII  - 

D 

26,27 

1 

28 

29 

CONDENSER  TUBE  CLEANING 

4488 

2 

VIII  - 

D 

30,31 

1 

32 

33 

CONDENSER  TUBE  CLEANING 

4500 

1 

VIII  - 

D 

34,35 

1 

36 

37 

CONDENSER  TUBE  CLEANING 

4505 

1 

VIII  - 

D 

38,39 

1 

40 

41 

CONDENSER  TUBE  CLEANING 

5250 

1 

VIII  - 

D 

42,43 

1 

44 

45 

CONDENSER  TUBE  CLEANING 

5250 

2 

VIII  - 

D 

46,47 

1 

48 

49 

CONDENSER  TUBE  CLEANING 

5400 

3 

VIII  - 

D 

58,59 

1 

60 

61 

CONDENSER  TUBE  CLEANING 

5400 

2 

VIII  - 

D 

54,55 

1 

56 

57 

CONDENSER  TUBE  CLEANING 

5400 

1 

VIII  - 

D 

50,51 

1 

52 

53 

CONDENSER  TUBE  CLEANING 

5681 

2 

VIII  - 

D 

66,67 

1 

68 

69 

CONDENSER  TUBE  CLEANING 

5681 

3 

VIII  - 

D 

70,71 

1 

72 

73 

CONDENSER'  TUBE  CLEANING 

5681 

1 

VIII  - 

D 

62,63 

1 

64 

65 

CONDENSER  TUBE  CLEANING 

7120 

1 

VIII  - 

D 

74,75 

1 

76 

77 

CONDENSER  TUBE  CLEANING 

7770 

1 

VIII  - 

D 

78,79 

1 

80 

81 

CONTRACT  SCOPE  OF  NORK 

III  - 

A 

1 

CORRESPONDENCE 

III  - 

A 

26 

DONNSIZE  BOILERS 

115 

2 

VI  - 

C 

301,302 

299 

303 

304 

300 

DOHNSIZE  BOILERS 

7105 

4 

VI  - 

C 

317,318 

299 

319 

320 

300 

DONNSIZE  BOILERS 

7105 

3 

VI  - 

C 

313,314 

299 

315 

316 

300 

DONNSIZE  BOILERS 

7105 

2 

VI  - 

C 

309,310 

299 

311 

312 

300 

DONNSIZE  BOILERS 

7105 

1 

VI  - 

C 

305,306 

299 

307 

306 

300 

DONNSIZE  BOILERS 

7153 

1 

VI  - 

C 

321,322 

299 

323 

324 

300 

DONNSIZE  BOILERS 

7770 

2 

VI  - 

C 

329,330 

299 

331 

332 

300 

DONNSIZE  BOILERS 

7770 

1 

VI  - 

C 

325,326 

299 

327 

328 

300 

DONNSIZE  BOILERS 

8977 

1 

VI  - 

C 

333,334 

299 

335,336 

337 

300 

DONNSIZE  BOILERS 

8977 

2 

VI  - 

C 

338,339 

299 

340,341 

342 

300 

ECO  DESCRIPTIONS 

N 

II  - 

4 

2 

ECOs  ANALYSES 

Ex 

I  - 

2 

SCOs  NOT  APPLICABLE 

N 

II  - 

4 

18 

ENERGY  CONSERVATION  OPPORTUNITIES 

Ex 

I  - 

2 

ENERGY  CONSERVATION  OPPORTUNITIES  CONSIDERED 

N 

II  - 

4 

1 

ENERGY  CONSERVATION  OPPORTUNITIES  EVALUATED 

N 

II  - 

4 

1 

ENERGY  STUDIES  BY  OTHERS 

N 

II  - 

5 

1 

EXISTING  CONDITIONS 

N 

II  - 

2 

1 

EXISTING  EQUIPNENT  CONDITIONS 

N 

II  - 

2 

10 

EXISTING  INSTALLATION  EQUIPMENT 

N 

II  - 

3 

4 

FIELD  SURVEY 

N 

II  - 

2 

1 

INSTALLATION  OF  TURBULATORS 

115 

2 

VII  - 

C 

770 

769 

771 

772 

INSTALLATION  OF  TURBULATORS 

7105 

1 

VII  - 

C 

773 

769 

774 

775 

INSTALLATION  OF  TURBULATORS 

7105 

3 

VII  - 

C 

779 

769 

780 

781 

INSTALLATION  OF  TURBULATORS 

7105 

4 

VII  - 

C 

782 

769 

783 

784 

INSTALLATION  OF  TURBULATORS 

7105 

2 

VII  - 

C 

776 

769 

777 

778 

INSTALLATION  OF  TURBULATORS 

7153 

1 

VII  - 

C 

785 

769 

786 

787 

INSTALLATION  OF  TURBULATORS 

7579 

1 

VII- 

C 

788 

769 

789 

790 

INSTALLATION  OF  TURBULATORS 

7579 

2 

VII  - 

C 
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769 

792 

793 
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-  c 
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IRSTALLATION  OF  TDR60LAT0BS 

7770 

1 

VII 

-  c 

794 

769 

795 

796 

IRSTALLATIOH  OF  TDRBDLATORS 

8028 

1 

VII 

-  c 

800 

769 

801 

802 

IRSTALIATIOH  OF  TORBOLATOES 

8028 

2 

VII 

-  c 

803 

769 

804 

805 

IRSTAILATIOR  OF  TORBDLATORS 

8874 

2 

VII 

-  c 

809 

769 

810 

811 

IRSTALLATIOH  OF  TORBDLATORS 

8874 

1 

VII 

-  c 

806 

769 

807 

808 

IRSTALLATIOH  OF  TORBDLATORS 

8977 

1 

VII 

-  c 

812 

769 

813 

814 

IRSTALLATIOH  OF  TORBDLATORS 

8977 

2 

VII 

-  c 

815 

769 

816 

817 

IHTRODOCTIOH 

R 

II 

-  1 

1 

IRTROBOCTIOH  -  Executive  Sunary 

Ex 

I 

- 

1 

OPERATION  AND  HAINTERARCE  BECOHRERDATIONS 

R 

II 

-  4 

8 

ORGAHIZATIORAL  TABLE  FOR  ECOs 

R 

II 

-  4 

1 

OTERTIEN  OF  TECBRICAL  APPROACH 

R 

II 

-  1 
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OXYGEN  TRIH  SYSTEH 

115 

2 

VII 

-  c 

640-643 

638 

644 

645 

639 

OXYGEN  TRIE  SYSTEH 

7105 

4 

VII 

-  c 

664-667 

638 

668 

669 

639 

OXYGEN  TRIH  SYSTEH 

7105 

1 

VII 

-  c 

646-649 

638 

650 

651 

639 

OXYGEN  TRIH  SYSTEH 

7105 

2 

VII 

-  c 

652-655 

638 

656 

657 

639 

OXYGEN  TRIH  SYSTEH 

7105 

3 

VII 

-  c 

658-661 

638 

662 

663 

639 

OXYGEN  TRIH  SYSTEH 

7153 

1 

VII 

-  c 

670-673 

638 

674 

675 

639 

OXYGEN  TRIH  SYSTEH 

7579 

2 

VII 

-  c 

682-685 

638 

686 

687 

639 

OXYGEN  TRIH  SYSTEH 

7579 

1 

VII 

-  c 

676-679 

638 

680 

681 

639 

OXYGEN  TRIH  SYSTEH 

7770 

1 

VII 

-  c 

688-691 

638 

692 

693 

639 

OXYGEN  TRIH  SYSTEH 

7770 

2 

VII 

-  c 

694-697 

638 

698 

699 

639 

OXYGEN  TRIH  SYSTEH 

8028 

2 

VII 

-  c 

706-709 

638 

710 

711 

639 

OXYGEN  TRIH  SYSTEH 

8028 

1 

VII 

-  c 

700-703 

638 

704 

705 

639 

OXYGEN  TRIH  SYSTEH 

8874 

1 

VII 

-  c 

712-715 

638 

716 

717 

639 

OXYGEN  TRIH  SYSTEH 

8874 

2 

VII 

-  c 

718-721 

638 

722 

723 

639 

OXYGEN  TRIH  SYSTEH 

8977 

1 

VII 

-  c 

724-727 

638 

728 

729 
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OXYGEN  TRIH  SYSTEH 

8977 

2 
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-  c 

730-733 

638 
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R 

II 

-  3 

1 

PREHEAT  COHBOSTIOR  AIR 
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2 

VI 

-  c 
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363 
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PREHEAT  COHBOSTIOR  AIR 

7105 

4 

VI 

-  c 
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364 

PREHEAT  COHBOSTIOR  AIR 

7105 

1 

VI 
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374 
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7105 

2 
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7105 

3 

VI 
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1 
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-  c 
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364 
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7579 

1 

VI 

-  c 
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363 
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364 

PREHEAT  COHBOSTIOR  AIR 

7579 

2 

VI 

-  c 

400-402 

363 

403 

404 

364 

PREHEAT  COHBDSTION  AIR 

7770 

1 

VI 

-  c 

405-407 

363 

408 

409 

364 

PREHEAT  COHBDSTION  AIR 

7770 

2 

VI 

-  c 

410-412 

363 

413 

414 

364 

PREHEAT  COHBDSTION  AIR 

8028 

2 

VI 

-  c 

420-422 

363 

423 

424 

364 

PREHEAT  COHBOSTIOR  AIR 

8028 

1 

VI 

-  c 

415-417 

363 

418 

419 

364 

PREHEAT  COHBOSTIOR  AIR 

8874 

1 

VI 

-  c 

425-427 

363 

428 

429 

364 

PREHEAT  COHBOSTIOR  AIR 

8874 

2 

VI 
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430-432 

363 

433 
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364 

PREHEAT  COHBOSTIOR  AIR 

8977 

2 

VI 
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440-442 

363 
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364 

PREHEAT  COHBOSTIOR  AIR 

8977 

1 
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363 
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364 

PORPOSR  AND  OBJECTIVE 
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115 

2 
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175,176 
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REPLACEHENT  BOILER 

7105 

2 

V 

-  c 

183,184 

173 

185 

186 

174 

REPLACEHENT  BOILER 

7105 

4 

1  V 

-  c 

215,216 

173 

217 

216 

174 

REPLACEHENT  BOILER 

7105 

1 

1  V 

-  c 

179,180 

173 

181 

182 

174 

REPLACEHENT  BOILER 

7153 

1 
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174 
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BEFLACEHEilT  BOILO 
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2 

V 

-  c 

195,196 

173 

197 

196 

174 

lEFLACEHEHT  BOILER 

7579 

1 

V 

-  c 

191,192 

173 

193 

194 

174 

BEFLACEHERT  BOILER 

7770 

1 

f 

-  c 

199,200 

173 

201 

202 

174 

REFLACEHEKT  BOILER 

7770 

2 

V 

-  c 

203,204 

173 

205 

206 

174 

lEFLACEBERT  BOILER 

8028 

1 

V 

-  c 

211,212 

173 

213 

214 

174 

BEFLACEHERT  BOILER 

8874 

2 

? 

-  c 

207,208 

173 

209 

210 

174 

BEFLACEHERT  BOILER 

8977 

2 

V 

-  c 

224,225 
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226,227 

228 

174 

BEFLACEHERT  BOILER 

8977 

1 

V 

-  c 

219,220 

173 

221,222 
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RESULTS 

Ex 

I 

- 

8 

RESULTS,  CONCLUSIONS,  AND  RECOHHERUATIOKS 

Ex 

I 

- 

8 

SCOPE 

Ex 

I 

- 

1 

SCOPE  OE  MORE 

N 

II 

-  1 

1 

STEAH  TS.  ELECTRICALLY  DRIVEN  CHILLERS 

3220 
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